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(54) Receivers 

(57) In a receiver a settable frequency 
divider (6,7) divides the frequency of a 
voltage-controlled oscillator (3). The re- 
sultant frequency is compared in a 
phase comparison circuit (8) with a con- 
stant reference frequency an error vol- 
tage proportional to the phase devia- 
tion controls the oscillator (3). The oscil- 
lator frequency is furthermore additive- 
ly mixed with the received frequency in 
a mixer circuit (2), which is followed by 
an intermediate frequency amplifier (4). 
A regulating circuit (5) including a fre- 
quency discriminator with a capaci- 
tance diode is provided for the purpose 



of automatic retuning and additional 
subjective detuning. It generates, in de- 
pendence on the deviation of the re- 
ceived frequency from the oscillator fre- 
quency as well as also through applica- 
tion of a voltage to the capacitance 
diode, a regulating voltage which after 
analog-digital conversion at 1 1 propor- 
tionally varies the set dividing ratio of 
the frequency divider (6,7). Retuning 
and search for a different station is faci- 
litated by control keys 13, 14, a coder 
15, a switch 12, a D/A converter 16 and a 
logic circuit 1 7 which shifts the frequen- 
cy discriminator characteristics as well 
as vary the division ratio of 7 until the 
desired station is obtained. 
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SPECIFICATION 

Communications receiving equipment 

5 The present invention relates to a communications 
receiving equipment including a receiver circuit 
with a digital frequency synthesiser. 

In modern entertainment electronics, frequency 
synthesiser circuits are used to increasing degree 
10 fortuning of the receiving equipments to individual 
5 transmitters, in which circuits the oscillator fre- 
quency for the purpose of the tuning is divided by a 
programmable frequency divider and compared in 
a phase comparison stage with a constant refer- 
1 5 ence frequency, wherein a voltage proportional to 
the phase deviation is obtained, which is applied as 
regulating voltage to the capacitance diode of the 
voltage-controlled oscillator. The thus regulated 
oscillator frequency is mixed additively or multipli- 
20 catively with the input frequency in a mixing stage 
according to the superimposition principle and the 
resultant intermediate frequency fed to the inter- 
mediate amplifier of the receiving equipment and 
processed in further receiver circuits. It is furth- 
25 ermore known in circuit arrangements without a 
frequency synthesiser to readjust the oscillator fre- 
quency by means of an automatic frequency cor- 
rection regulating circuit. For this purpose, a part of 
the intermediate frequency is coupled out through 
30 a coupling coil and fed to a frequency discrimina- 
tor. The voltage arising at the output of the fre- 
quency discriminator is applied to the frequency- 
determining component of the oscillator for direct 
regulation. The capacitance diodes employed as a 
35 rule vary their capacitances in dependence on the 
applied voltage and thereby make possible a de- 
tuning of the oscillator reasonant circuit. When a 
transmission channel is received, the discriminator 
voltage amounts to 0 volts so that the oscillator vol- 
40 tage is determined excluisvely by the preset value. 
On deviations, for example on drifting of the trans- 
mission channel or on drifting because of variation 
of the receiving components, a readjustment takes 
place until the voltage present at the output of the 
45 frequency discriminator has again reached 0 volts. 
It is known from the house journal "Grundig 
Technische Informationen 2/77, pages 93 et seq." 
to apply the tuning voltage for a voltage-controlled 
* oscillator directly from a voltage store which is 
50 charged up stepwise and to superimpose onto this 
a further regulating voltage from an AFC-circuit. 
' Through displacement of the discriminator charac- 
teristic of the AFC-circuit, the voltage can in addi- 
tion be arbitrarily varied in such a manner that a 
55 subjective tuning of a transmission channel takes 
place, whereby for example a television image 
given with optimum tuning is settable to be shar- 
per or less sharp. 
According to the present invention there is pro- 
60 vided a communications receiving equipment com- 
prising a voltage-controlled oscillator to provide an 
oscillator frequency, a frequency divider of settable 
dividing ratio to divide the oscillator frequency in a 
set dividing ratio, a phase comparison circuit to 
6* nomnare the divided frequency with a constant re- 
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ference frequency, the voltage proportional to the 
phase deviation being fed as controlling voltage to 
the frequency-determining component of the oscil- 
lator, a regulating circuit including a frequency dis- 

70 criminator with a voltage-controlled capacitance 
diode to generate a regulating voltage in depend- 
ence on the deviation of the frequency of the re- 
ceived signal from the respectively corresponding 
oscillator frequency, and an analog-digital conver- 

75 ter to convert the regulating voltage into a digital 
setting information signal which so decrements or 
increments the dividing ratio of the frequency di- 
vider proportional to the deviation as to automatic- 
ally retune the oscillator frequency. 

80 In a receiver circuit with frequency synthesiser a 
regulating circuit is provided with a frequency dis- 
criminator for the automatic retuning of the oscilla- 
tor frequency, which for the subjective detuning of 
the reception frequency by incrementing or de- 

35 crementing the dividing ratio of the frequency di- 
vider makes possible a detuning as well as a reg- 
ulation to the newly set optimum frequency value. 
Furthermore, a receiver circuit with so-called chan- 
nel forward switching, in which the frequency band 

90 is run through in predetermined channel raster by 
two fine tuning keys, by which transmission chan- 
nels outside the predetermined channel raster are 
settable through incrementing or decjementing the 
dividing ratio of the frequency divider, enables the 
95 frequency divider as well as the regulating circuit to 
be settable through both the fine tuning keys in 
such a manner that the regulating circuit regulates 
optimally towards this detuned intermediate fre- 
quency on subjective detuning of a transmitter. 

1 00 A circuit arrangement embodying the invention 
and provided for example in a television receiving 
equipment displays the characteristic property in 
the case of drifting transmission channels that, 
apart from transmission channels tuned exactly to 

105 picture carrier centre (38.9 Mega-Herte) also subjec- 
tively detuned transmission channels are followed 
by a digital regulating circuit (AFC). This is attained 
through an interlinking of the AFC with the frequen- 
cy synthesiser detuning in such a manner that the 

1 1 o dividing ratio of the frequency divider is settable 
directly and also by the AFC after corresponding 
switching-on thereof, so that every subjectively set 
transmission channel can be tuned to through de- 
tuning of the resonant circuit with altered discrimi- 

115 nator characteristic, while a regulation of the AFC 
takes place at the same time to this subjectively set 
transmission channel, for which purpose, parallel 
to the detuning through the frequency divider, the 
regulating circuit (AFC) is detuned through applica- 

120 tion of a voltage to a capacitance diode of the dis- 
criminator oscillator circuit. 

It is possible through simple augmentation of a 
synthesiser settable in certain frequency steps, 
through simple detuning of the same by means of 

125 an AFC, to tune to any x-desired transmission chan 
nel lying between the fixed receiving channels, 
while it is secured at the same time that the AFC 
operates in respect of the newly set transmission 
channel departing from the optimum receiving fre- 
130 quency and regulates towards this subjectively set 
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transmission channel. 

An embodiment of the present invention will 
now be more particularly described byway of ex- 
ample with reference to the accompanying draw- 
5 ing, which shows a block schematic diagram 
embodying the present invention. 

Referring now to the drawing, the aerial input 
signal, which is amplified in an amplifier 1 , lies at 
the input E of the circuit arrangement. The receiver 
10 frequency is mixed in a mixer stage 2 additively 
with the oscillator frequency of a voltage- 
controlled oscillator 3. The thus obtained interme- 
diate frequency isfed for amplification to an inter- 
mediate frequency amplifier 4. A part of the ampli- 
1 5 tied Intermediate frequency is coupled out through 
a coupling coil or capacitive coupling and fed for 
automatic rctuning of the oscillator frequency to a 
regulating circuit 5, in which a frequency discrimi- 
nator with an oscillator circuit with a capacitance 
20 diode is contained. The intermediate frequency 
amplifier 4 is coupled to the signal evaluating cir- 
cuits for the remainder of the amplified intermedi- 
ate frequency. The signal path is characterised by 
an arrow and the following circuits are not de- 
25 scribed. The oscillator 3 is controlled through a 
constant preliminary divider 6, which divides the 
oscillator frequency in a constant ratio, and a prog- 
rammable frequency divider 7, of which the divid- 
ing ratio is selectably settable by the operator. The 
30 dividing ratio of this frequency divider can for ex- 
ample be set through recall of certain digital stored 
setting information signals from a store, or be put 
in directly. In the latter case, the individual dividers 
are set directly through decade switching control. 
35 The oscillator frequency, divided by the frequency 
dividers 6 and 7, is compared in a phase compari- 
son stage 8 with a constant reference frequency 
which is generated in a quartz oscillator 9 and di- 
vided in a constant ratio divider 10. The voltage re- 
40 suiting from the phase displacement is fed as reg- 
ulating voltage to the oscillator 3 and through ap- 
plication to the capacitance diode of the oscillator, 
the oscillator circuit is varied in correspondence 
with the setting value. The dividing ratio of thefre- 
45 quency divider is fixedly settable not only through 
numeric inputs (not illustrated) or through recall- 
able setting information signals stored in a store, 
but can also be varied by the regulating circuit 5 so 
that the digitally operating tuning circuit always re- 
50 mains fully effective even when a retuning must 
take place through the AFC in consequence of fre- 
quency drifts or subjective detunings. For this, the 
output of the frequency discriminator 5 is con- 
nected to an analog-digital converter 1 1, the output 
55 of which delivers digital setting information signals 
proportional to the deviation, which are conducted 
through an electronic change-over switch 12 in 
switch position B directly to the frequency divider 
7. The discriminator of the regulating circuit 5 is in 
60 that case quantized, i.e. the well known S-curve is 
subdivided into a target value range, a range in ex- 
cess of target value (positive) and a range of short- 
fall below target value, wherein target value and 
zero line in the ideal case are unity. When the vol- 
65 tage at the discriminator exceeds the target value, 



then the analog-digital converter has the effect that 
a corresponding number of steps with correspond- 
ing exceeding of individual threshold values is eva- 
luated and a digital setting information signal, be it 
70 a series of individual pulses or a digital word, is 
delivered, which switches over the dividing ratio 
directly or varies it in steps. 

It was presumed that the regulation always takes 
place towards a fixedly set transmission channel 
75 which is predetermined through input of the divid- 
ing ratio. It has now been shown in practice that an 
optimum setting to a transmission channel is pos- 
sible only when a subjective retuning of the oscil- 
lator 3 takes place. It is necessary for this purpose 
80 that the frequency discriminator characteristic of 
the regulating circuit 5 is displaced. This takes 
place by actuation of control keys 13 and 14, by 
which a change in positive direction takes place 
through actuation of the key 13 and a change in 
85 negative direction through the key 14. Both the 
keys 13 and 14 deliver information signal magni- 
tudes proportional to the actuation duration and 
which are coded in a coder 1 5 into a code which 
can be used for the direct setting of the dividing 
90 ratio of the frequency divider 7 as well as for con- 
version into an analog voltagefor control of the 
capacitance diode of the oscillator circuit in the fre- 
quency discriminator of the regulating circuit 5. In 
order that this can take place, a second switch con- 
95 tact of the electronic changeover switch 1 2 is 

closed in switch position B so that digital informa- 
tion signals proportional to the duration of actua- 
tion are conducted to the digital-analog converter 
16, which generates a correspondingly great set- 
100 ting voltage for the frequency-determining element 
(capacitance diode) of the oscillator circuit. Hereby, 
it is possible that the electronic search run as well 
as the retuning takes place through one and the 
same circuit through actuation of one and the same 
105 keys 13 and 14. 

The setting process for the electronic search run 
is the following: 

It is presumed that no transmission channel is re- 
ceived yet. By actuation of the keys 13 or 14 in posi- 
110 five or negative direction, which corresponds to the 
upper and lower part of the discriminator charac- 
teristic, the coded signal in switched setting B is 
switched through to the digital-analog converter. 
The capacitance of the capacitance diode of the* 
115 oscillator circuit is varied proportionally to the set- 
ting magnitude so that the discriminator character- 
istic is displaced. The AFC-circuit is consequently 
detuned in non-linear steps, whereby a linear set- 
ting magnitude on exceeding the target value or on 
120 falling short of the target value of the discriminator 
characteristic is delivered through the analog- 
digital converter 1 1 to the frequency divider of 
which the dividing ratio, starting from a defined 
setting, is incremented on falling short of the zero 
125 line of the discriminator and decremented on ex- 
ceeding it It is now provided that a control logic 17 
responds after a certain number of counting steps 
and switches over the electronic change-over 
switch, before attainment of the maximum of the 
130 frequency discriminator characteristic or on attain- 
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ment of the same, into switch position A so that 
both contacts are siwtched over. On continuous 
actuation of the keys 1 3 and 14, the dividing ratio of 
the frequency divider 7 is now set directly by the 
5 setting information signals coded in the coder 15. 
This takes place until a new transmission channel is 
Received, whereby the frequency discriminator 
characteristic passes through the zero line. The 
analog-digital converter 1 1 in that case delivers the 

10^ corresponding information signal which in turn 
causes the control logic 1 7 so to switch the electro- 
nic change-over switch 12 that the contacts in set- 
ting B leave the AFC-circuit switched on. In order 
that the AFC regulates towards this newly set trans- 

15 mission channel, it is necessary that, at the instant 
of the switch-over from switch position B to switch 
position A during the search run, a voltage is 
switched to the capacitance diode of the oscillator 
circuit of the frequency discriminator, which vol- 

20 tage resets the discriminator to its nominal posi- 
tion. Now, an automatic regulation sets in with the 
actuation of the keys 13 and 14, which takes place 
digitally. A superimposition of voltages is not 
given. The AFC acts on the frequency synthesiser, 

25 whereby the marked properties and advantages of 
the frequency synthesiser compared with voltage 
stores remain fully maintained. 

A use of the described circuit arrangement is in 
television receiving equipments, since frequencies 

30 are allocated in a channel raster according to the 
CCIR-standard, an electronic search run with auto- 
matic frequency correction being assured likewise 
however in countries, in which allocated transmis- 
sion frequencies are given outside this frequency 

35 raster. The same applies when a subjective detun- 
ing to an optimum picture becomes necessary in 
consequence of frequency drifts in different receiv- 
ing areas. The arrangement is however also usable 
in conjunction with other communications receiv- 

40 ing equipments. 

On recall of a subjectively detuned transmission 
channel, it is necessary that, apart from the setting 
information signals to the frequency divider, also 
the data for the detuning of the discriminator oscil- 

45 lator circuit are stored and recalled. The latter store 
can be an analog store or a digital store, the recal- 
led setting information signal of which is fed 
through the digital analog converter 1 6 to the capa- 
"citance diode of the oscillator circuit in the regulat- 

50 ing circuit 5. The stores are not illustrated. 

"CLAIMS 

1. A communications receiving equipment 
comprising a voltage-controlled oscillatorto pro- 
55 vide an oscillator frequency, a frequency divider of 
Isettable dividing ratio to divide the oscillator fre- 
quency in a set dividing ratio, a phase comparison 
circuit to compare the divided frequency with a 
.constant reference frequency, the voltage propor- 
60 tional to the phase deviation being fed as controll- 
* ing voltage to the frequency-determining compo- 
nent of the oscillator, a regulating circuit including 
a frequency discriminator with a voltage-controlled 
capacitance diode to generate a regulating voltage 
*r ir. H fl r, fi «^ nce on tne deviation of the frequency of 
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•the received signal from the respectively corres- 
ponding oscillator frequency, and an analog-digital 
( converter to convert the regulating voltage into a 
digital setting information signal which sodecre- 
70 ments or increments the dividing ratio of the fre- 
quency divider proportional to the deviation as to 
automatically retune the oscillator frequency. 

2. A receiver circuit as claimed in claim 1, 
wherein the regulating circuit hs a frequency discri- 

75 minator characteristic subdivded into the ranges of 
target value, excess over target value and shortfall 
below target value and wherein the analog-digital 
converter is arranged to deliver digital information 
signals for the altered setting of the dividing ratio in 

80 dependence on the target value deviation exceed- 
ing or falling short of certain threshold values. * 

3. A receiver circuit as claimed in either claim 1 
or claim 2, wherein input keys are provided for set- 
ting the frequency divider or for recalling stored 

85 fixed dividing ratios or for initiation of an electronic 
search run, actuation of a setting key causing a vol- 
tage to be applied to the capacitance diode of the 
frequency discriminator to set the oscillator circuit 
to a oscillator f requency such that the discriminator 

90 curve is disposed in the nominal position. 

4. A receiver circuit as claimed in claim 3, 
wherein a manually actuable analog value gener- 
ator is provided to detune the oscillator circuit of 
the frequency discriminator by application of a vol- 

95 tage proportional to either time or setting after the 
setting of a dividing ratio and the analog-digital 
converter is connectable by switch means to the 
frequency divider. 

5. A receiver circuit as claimed in either claim 3 
100 or claim 4, comprising two fine tuning keys to re- 
spectively increment and decrement the frequency 
divider, the fine tuning keys being connected with 
digital circuits which deliver digital setting informa- 
tion signals proportional to the duration of actua- 

105 tion of the keys, and electronic change-over switch 
means arranged to be actuated by a control circuit 
in dependence on the frequency discriminator 
characteristic to connect the frequency divider with 
either the output of the analog-digital converter or 

110 directly with the fine tuning keys. 

6. A receiver circuit as claimed in claim 5, 
wherein actuation of the fine tuning keys causes 
the oscillator circuit of the frequency discriminator 
to be detuned out of a nominal position in non- 
115 linear steps and the analog-digital converter is 

arranged to increment or decrement in linear steps 
in proportion to the detuning exceeding or falling 
short of the target value of the frequency divider, 
the electronic switch after running through a cer- 

120 tain number of linear steps switches off the regulat- 
ing circuit and switches on a control unit which 
generates a digital setting information signal prop- 
ortional to the duration of actuation of the fine tun- 
ing keys thereby to set the dividing ratio while the 

125 oscillator circuit of the discriminator is simul- 
taneously reset into the nominal position by appli- 
cation of a certain voltage to the capacitance diode, 
and the frequency divider is varied until a further 
target on the discriminator line is attained and the 

130 electronic change-over switch means under the 
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control of the responding control circuit causes ; the 
setla.ble frequency divider to be disconnected-f rom 
the fine tuning keys and to be connected to the reg- 
ulating circuit* .. -V; 

5 7. A receiver ci rcuit as claimed in claim 6„ com- 
prising a non-volatii.e store to. recaUabJy . store the 
target value of the frequency divider and the digital 
setting value of the regulating circuit saicLvalues 
being respectively applicable as setting infprma- 

10 tion signal directly to the frequency diyider>and to 
the capacitance rJiqde of the discriminator oscilla- 
tor circuit ^ri^s^ching oyer toanpther transmis- 
sion cHann el.:. . . . . . 

8.. : A receiver circuit a§ claimed in any one of ... 

1 5 . claims 5 taT^ wherein the fine tuning Jcey^ a pe : 
arranged to control p digital information srg.nafc 
tra nsm itter to direGtly control the f requ ency di y id er 
and - when the xegulating circuit is switchedqn- 
the information signal given .by the transmitter is 

2Q evaluated through a digital-analog, converter to dis- 
place the discriminator line by application c&the 
proportional voltage to the capacitance diode. 

9. A communications receiving equipment sub- 
stantially as hereinbefore described with reference 

25 to the accompanying drawing. ....... 
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